In order to determine optimal duration and concentration of Stevia seed priming with boric acid for improving germination, an experimental factorial completely randomized design with three replications was conducted in the laboratory of Seed Science and Technology, Shahed University of Tehran in 2015. The first factor was different concentrations of boric acid (0, 0.5, 1.0, 1.5 and 2.0 percent) and the second factor was priming duration (0, 8, 16, 24 and 32 hours). Effects of concentration and priming duration with boric acid were significant on germination percentage, mean germination time, germination rate, germination energy, germination uniformity, mean daily germination, germination daily speed, germination value, seedling length and seed vigor index. The highest values for germination percentage, germination rate, germination energy, means of daily germination, germination value and seedling vigor index were observed after 24 hours of boric acid priming. The highest germination percentage, germination rate, germination potential, germination value and seed vigor index were obtained in 2.0% boric acid priming. 24 hours priming at 1.0% concentration of boric acid had the highest germination uniformity. The seedling length was highest in 24 hours priming at 1.5% concentration of boric acid. In general, Stevia seed priming with 1.5 to 2.0% of boric acid for 24 hours had positive effects on germination indexes and seedling growth.
Introduction
There are 17 essential elements for optimal growth and development of plants that are divided into macro and micro elements. In addition to their roles as a cofactor in enzymes and redox reactions, micronutrients have several important and vital actions in plants . More importantly, micronutrients are involved in physiological key reactions of photosynthesis and respiration pathways (Mengel et al., 2001) , and lack of these elements limits these vital processes and subsequently reduce productivity. For example, boron deficiency can decrease wheat (Rerkasem and Jamjod, 2004 ) Chickpea (Johnson et al., 2005) and lentil (Srivastava et al., 2000) productivity. Boric acid is one of the necessary elements for normal growth and development of several different plants (Abdollahi et al., 2012) . Reduced productivity because of boron deficiency could be the result of a severe disturbance in metabolic reaction involved with this element, like nucleic acid, carbohydrate, proteins and indole acetic acid metabolism, cell wall biosynthesis, phenol metabolism, and preserving plasma membrane integrity and function (Tanaka and Fujiwar, 2008) . Functionally boron is related to several different processes such as using calcium, cell division, flowering and fruiting, nitrogen and carbohydrate metabolism, disease tolerance, water relationships and specific catalytic reactions .
Significant improvement of germination and primary growth of papaya seedlings were observed when the seeds were primed with boron solution (2 m L -1 ) for 6 hours (Deb et al., 2010) . Iqbal et al. (2012) reported wheat seed may be primed with 0.001% boron to have better and uniform stand and early seedling growth. There are different 4(1): 24-30 SHAHVERDI et al.
* : This article is extracted from a Ph.D. thesis of first author types of priming which used in priming experiments including hydro, halo, osmo, thermos and hormone priming, and there are different reports on this matter with different plants and different researchers (McDonald, 2000; Iqbal et al., 2012; Mirshekari, 2012; Rehman et al., 2012) . Nutripriming is a relatively new method in which seeds are primed by using micro and macro nutrients, has been recently focused on (Mirshekari, 2012; Rehman et al., 2012) . Nutrients as fertilizers were used by different methods such as soil application, with irrigation water or foliar fertilization (Robert et al., 2015) . Using nutrients as a seed treatment by coating and seed priming are other methods that could be advantageous . Seed priming by using micronutrients (enrichment) has been reported as one of the best ways to beat micronutrient deficiency (Harris et al., 1999) . Seed priming with micronutrient elements results in higher rate of water absorption and metabolism and germination of seeds which consequences could be seen in higher germination rate, improvement of seedling establishment, higher resistance against stress and pest, and finally higher productivity (Memon et al., 2013) . Stevia (Stevia rebaudiana Bert.), is a perennial, herbal species of Asteraceae (Compositae) family (Hossein et al., 2008; Ucar et al., 2016) . Stevia plant has a high sweetening property because of steviol glycosides (Singh and Rao, 2005 ) which firstly are not absorbed by the digestive system and so diabetics can use it freely, and secondly, it is not caloric, so it is adequate for obese people who have to care about their daily calorie intake. Because of its self-incompatibility, stevia pollinates by wind and insects, so the percentage of pollinated flowers is low in this plant and the seeds have low germination percentage (LiopaTsakalidi et al., 2012) . Although, presented studies shows that there is no agreement for the reason of low germination ability of stevia seeds, some researchers introduce self-incompatibility as a reason for weak stevia germination (Oddone, 1997; Maiti and Purohit, 2008) , while some others report that there is no self-incompatibility in this plant (Goettemoeller and Ching, 1999) . Poor germination in this plant is an obstacle against large-scale planting and results in scarce a high price of an effective metabolite of this plant (Raji et al., 2015) . In this research, we aimed to study the priming stevia seeds with boric acid and its effects on germination parameters and to determine the best time and favorable concentration of the priming solution of this micronutrient element.
Materials and Methods
This experiment was conducted in the Seed Science and Technology Laboratory of Agriculture college of Shahed University, using factorial experiment based on a completely randomized design with three replications, in order to determine the adequate duration and concentration for stevia seed priming with boric acid (H3BO3) in 2015. Priming duration and concentration of boric acid solution were 0, 8, 16, 24 and 32 hours and 0, 0.5, 1.0, 1.5 and 2.0 percent respectively. Stevia seeds which were produced in 2013-2014 agricultural year were purchased from an Indian company (Global Horticulture Products) and sterilized with sodium hypochlorite 10% for 3 min and the rinsed with distilled water. At the end of the priming process, the seeds were washed with distilled water and dried for 24 hours in the lab. In every petri dish, 25 seeds were placed on Whatman paper, the 3 ml water were added and to prevent water evaporation the cover of the Petri dishes were fixed and closed by parafim. Seed germination process in growth chamber was controlled on 23±2 o C, photoperiod of 18/6 (day/night) and relative humidity of 70±5% (Raina et al., 2013) . Counting of germinated seeds starts from day 2 in a specific hour (Liopa-Tsakalidi et al., 2012) and at the end of the experiment, after 11 days, germination percentage (Liopa-Tsakalidi et al., 2012) germination rate (Pagter et al., 2009) , mean germination time (Ellis and Roberts, 1981) , mean of daily germination (Hoogenboom et al., 1987) , daily germination speed (Stephanie et al., 2005) , germination value (Ghasemi Gholozani and Dalil, 2011), germination energy (Panwar and Bhardwaj, 2005) and seed vigor index (Biradar et al., 2007) were calculated according to the equations in Table 1 . Data analysis and comparison of evaluated parameters were done by SAS 9.1 and Duncan multiple range tests at 5%, respectively. Table 1 . The computing relation of the parameters studied in the experiment 
Results and Discussion

Germination percentage
The effect of priming duration and concentration of boric acid on stevia seed germination were significant in P≤0.01 ( Table 2) . The highest germination percentage among the priming duration and different concentration of boric acid were observed for 24 hours priming and the concentration of 2.0% with the average of 42.66 and 44 percent, respectively (Tables 3 and  4 ). Seed priming with boric acid 2.0% increase germination percentage by 35.72% in comparison with control. There was a significant and positive correlation at P≤0.01 between germination percentage and germination rate, germination energy, seedling length, germination uniformity and germination value (Table 5) . Together, these results indicate that increasing in seed germination percentage will lead to improvement of seed germination parameters in this plant, and finally will result in seed vigor index and germination energy. In agreement with our data, Bayat et al., (2015) showed significant and positive correlation between seed germination and seedling length, seed vigor, germination energy and germination rate. Mirshekari (2012) reported that Anethum graveolens L. seed germination with boric acid micronutrient have a significant effect on seed germination and boric acid 1.5 % has the highest germination percentage in this plant. It should be noted that much higher concentration and longer times for seed priming with micronutrients have negative effects on seed germination parameters (Mirshekari, 2012) . The concentration of the priming solution is one of the important factors in seed priming by boron element. For example, research on seed priming with boric acid solution (concentration of 2-20 mM) has been conducted in Russia, and both negative (reduction) and positive (increase) effects had been reported on germination parameters of different crops like rapeseed, sunflower, soybean, sugar beet, alfalfa, wheat and barley (Shorrocks, 1997; Rehman et al., 2012) .
Mean germination time
Base on analysis of variance, the priming duration and priming concentration with boric acid have a significant effect on mean germination time (Table 2 ). Highest and lowest required time for germination observed in 32 and 8 hours of priming, respectively (5.65 and 4.50 day) ( Table  3) . Among different concentration of boric acid, 1.0% has the highest mean germination (Table 4) . Mean germination time has a negative correlation and significant difference with germination rate and daily germination speed at P≤0.01 (Table 5) . Seed priming with boron (Nutri-priming) has advantageous effects on seed germination, mean time of germination, seedling vigor index and seedling length (Memon et al., 2013) .
Germination rate
The effect of duration and concentration of seed priming with boric acid on germination rate was significant at P≤0.01 (Table 2) . Seed priming with boric acid for 24 hours increase germination rate to 31.85 percent in comparison with control (without priming) (Table 3 ). Highest germination rate was observed for seed priming with boric acid 2.0% with an average of 2.64 seed per day (Table  4) . Except for mean time of germination, germination rate has a positive and significant correlation with other treatments at P≤0.01 (Table  5) . Seed priming with micronutrients results in higher rate of water absorption and consequently beginning of metabolism and seed germination which consequently produce higher germination rate (Rowse, 1995) . Aghighi Shahverdi and Omidi (2015) reports that stevia seed priming for 24 hours with gibberellin hormone results in significant increase in germination rate and other germination parameters in the seeds of this plant. ns: Non-significant, * and **: Significant at 5% and 1% respectively, GP: Germination percentage, MGT: Mean germination of time, GR: Germination rate, GE: Germination energy, GU: Germination uniformity, MDG: Mean daily germination, DGS: Daily germination speed, GV: Germination value, SL: Seedling length, SVI: Seedling length vigor index
Germination energy
According to the analysis of variance (Table 2) , the effect of duration and concentration of seed priming on germination energy were significant at P≤0.01. Highest germination energy was for 24 hours of seed priming (0.017) and the lowest germination energy was for control (without priming = 0 hour) and 8 hours of seed priming (Table 3) . Also, highest germination energy for stevia seeds was for boric acid 2.0% with a mean of 0.018, which show 44.44% increase in germination energy compared to the control (Table  4 ). Germination energy is one of the most important parameters to evaluate quality and power of the seeds, and higher germination energy shows higher quality and power of the seeds (Bayat et al., 2015) .
Germination uniformity
The effect of priming duration, concentration and interplay between them on germination uniformity was significant (Table 2) . Studies on the mean of interplay clearly indicate that highest germination uniformity was for a combination of 24 hours of priming in boric acid 1.0%, and the lowest rate of germination uniformity observed at priming for 0 and 32 hours in control concentration of boric acid (Figure 1) . Farooq et al. (2006) reported an improvement of α-amylase activity ad increasing of soluble sugar as the reason for homogenous greening and germination of pretreated seeds of rice.
Mean daily germination
The effect of duration and concentration of priming on mean daily germination was significant (Table 2) . Highest and the lowest mean of daily germination were for 24 hours duration priming and control (zero hours), respectively (Table 3) . Among different concentration, the highest rate of it was observed for seed priming with boric acid 2.0%, which, in comparison with control (zero concentration) show 36.5% increasing in the mean of it (Table 4 ). 
Daily germination speed
According to data analysis of variance (Table  2) , the effect of priming duration and the concentration of boric acid were significant at P≤0.01and P≤0.05, respectively. Highest daily germination speed was at 8 hours seed priming with boric acid (Table 3) . Also, except for the concentration of 1.0% which has the lowest mean of daily germination speed, other concentration treatments have insignificant effect compare to each other on this parameter (Table 4) . It is reported that low concentrations of boric acid which are involved in activation of enzymes like phosphatase, amylase and so on which are involved in starch metabolism, results in commencing of metabolism in seeds and increase of daily germination speed by this way (Memon et al., 2013) .
Germination value
Data analysis results showed that the effect of priming duration and concentration seed priming on germination value was statistically significant at P≤0.01 (Table 2) . Seed priming for 24 hours showed the highest seed germination value, and the control time (without priming) had the lowest mean for this parameter (Table 3) . Among the experimented concentrations, by increasing concentration, statistically, significant increase was observed for germination value parameter so that the 0 and 2.0% concentration have the lowest and highest mean for this parameter (Table 4) .
Seedling length
Results of variance analysis (Table 2) showed that the effect of priming duration, priming concentration and their interaction (priming duration × priming concentration) on seedling length was statistically significant at P≤0.01. Comparing the mean of the effects of interplay (Figure 2) showed that the longest (1.02 cm) and shortest (0.44 cm) seedling length observed for 24 hours seed priming with boric acid 1.5% and control (without priming) concentration, respectively. Material transport in primed seeds is high because of higher activity of enzymes involved in sucrose metabolism (sucrose synthase, invertase, sucrose phosphate synthase), so these seeds have higher biological power and germinate quicker and produce plumule and radicle, so clearly have a higher seedling length (Kaur et al., 2005) .
Seed vigor index
According to results, the effect of priming duration and boric acid concentration on seed vigor index was statistically significant at P≤0.01 (Table 2) . Among the priming duration, 24 hours of seed priming and control have the highest and lowest seed vigor index. Highest seed vigor index was achieved at boric acid concentration of 1.5 and 2.0 % which was 53% higher than control (Table  4) (Table 5 ). The importance of seedling vigor for the fast establishment and primary growth of the medicinal plant in order to compete for water, light, and minerals were emphasized in the studies of Tabrizian and Osareh (2007) . Seed priming with boron micronutrients (H 3 BO3) and iron (FeSO4) resulted in an increase of seed vigor index in Anethum graveolens L. (Mirshekari, 2012) . 
Conclusion
Our results showed that stevia seeds react positively to priming with boric acid, and it improved and increased germination parameters in this plant. In order to enhance seed vigor index and percentage and rate of stevia seed germination, priming with 1.5% and 2.0% concentrations of boric acid for duration 24 hours showed the best result in this experiment. 
